Although lianas are disturbance-adapted plants, there are conflicting reports about how human disturbance influences their community assemblages in tropical forests. The current study was conducted to determine the patterns of liana diversity and community structure following human disturbance, and examine the conservation implications in the Kakum National Park, Ghana. Liana diversity and community structure were investigated in thirty 40 × 40 m plots (15 plots/forest type) that were randomly demarcated in disturbed and undisturbed forests (secondary and primary forests, respectively). Furthermore, tree saplings and seedlings were counted in the two forests and related with liana abundance. The findings revealed that liana Shannon diversity index, abundance and basal area were significantly higher in the disturbed forest. Besides, these attributes correlated significantly with disturbance intensity. Dominance of several liana species varied between the forest types probably as a result of human disturbance. Abundance of tree sapling and seedling was significantly lower in the disturbed forest, and it related negatively and significantly with liana abundance in the disturbed forest. Tree regeneration was absent in areas where lianas formed thickets. Management of lianas in the disturbed forest may be needed as lianas appear to have impeded tree regeneration.
Introduction
Lianas have considerable importance in tropical forests (Tang et al. 2012) , and therefore, understanding the factors that influence their community assemblages is necessary for better understanding of their ramifications in tropical forests. Although human disturbance has been identified as one of the factors which govern liana community assemblages in the tropics (Schnitzer & Bongers 2011; Addo-Fordjour et al. 2012; Addo-Fordjour, Rahmad, et al. 2013; Addo-Fordjour, El Duah, et al. 2013; Ledo & Schnitzer 2014) , there are conflicting reports about how human disturbance affects some liana community assemblage attributes (Addo-Fordjour et al. 2012) . Disturbance has been found to maintain liana diversity in some tropical forests (Schnitzer & Bongers 2002 , 2011 Ledo & Schnitzer 2014) . However, some authors recorded lower liana diversity in disturbed forests in comparison with undisturbed forests (Chittibabu & Parthasarathy 2001; Rahman et al. 2010; Addo-Fordjour et al. 2012) . Similarly, mixed findings have been reported concerning the response of liana abundance to disturbance. Several studies reported higher liana abundance (number of stems) in disturbed forests than undisturbed forests (Laurance et al. 2001; Zagt et al. 2003; Mohandass et al. 2015) , although a study conducted in Ghana rather observed higher liana abundance in an undisturbed forest in relation to some disturbed forests (Addo-Fordjour, Rahmad, et al. 2013) . In another study conducted in Malaysia, both disturbed and undisturbed forests supported similar levels of liana abundance (Addo-Fordjour et al. 2012) . Studies from different parts of the world revealed that undisturbed forests harboured higher liana basal area than disturbed forests (van der Heijden & Phillips 2008; Addo-Fordjour et al. 2012; Addo-Fordjour, Rahmad, et al. 2013; Anbarashan & Parthasarathy 2013; Mohandass et al. 2015) . Other studies also reported that less disturbed forests harboured higher liana basal area than more disturbed forests (Rice et al. 2004; Addo-Fordjour, El Duah, et al. 2013) .
Apparently, post-disturbance responses of lianas are influenced by the level of resources available to them in disturbed forests. For instance, in human-disturbed forests, elevated levels of sunlight (Schnitzer & Bongers 2011 ) and CO 2 in leaves (Preece 2006 ) might contribute to enhance liana success. Nevertheless, human disturbance can cause limited availability of tree support resource in disturbed forests which may hamper liana growth and development (Addo-Fordjour, Anning, et al. 2009; Addo-Fordjour, Obeng, et al. 2009; Rahman et al. 2010) . Therefore, although disturbed sites may have elevated levels of some resources needed by lianas, inadequate number of trees may render those sites less suitable for liana success. Additionally, liana removal or harvesting from disturbed areas could also contribute to a reduction liana diversity and community structure in some disturbed forests (Chittibabu & Parthasarathy 2001;  Lianas have been demonstrated to compete effectively with tree seedlings and saplings, thereby impacting negatively on natural regeneration of trees (Schnitzer et al. 2005; Toledo Aceves & Swaine 2007 . Consequently, natural regeneration of trees tends to be lower in heavily liana-infested areas compared with less liana-infested areas (Grauel & Putz 2004 ). Since lianas have the ability to increase in abundance following human disturbance, studying the relationship of liana abundance with tree seedling and sapling abundance in disturbed forests will make it possible to predict effects of liana abundance increase on forest natural regeneration in particular forests.
In view of the conflicting reports about how lianas respond to human disturbance in tropical forests, there is the need for more research works to be conducted in this area of liana ecology. Even though the number of liana studies has soared in the past decade, many of the studies have been limited to only a few forests throughout the world. Thus, liana ecology in many forests is either poorly understood or unknown at all. Presently, there is no information on ecology of lianas in the Kakum National Park, Ghana. This is quite unfortunate because lianas can have tremendous influence on forest composition and functioning (Schnitzer & Bongers 2011) , and therefore information on their ecology is essential for effective management of the forest vegetation in the national park. To this end, the present study was aimed at contributing to better understand the patterns of liana community assemblages in response to human disturbance and provide necessary liana ecological information for effective management of the national park. Consequently, this study determined the patterns of liana diversity and community structure in relation to human disturbance in the Kakum National Park, Ghana. The study further examined the implications of the findings for conservation. The following questions were addressed in the study: (1) How does liana diversity and community structure respond to human disturbance? (2) How does liana abundance relate with tree seedling and sapling abundance in disturbed and undisturbed forests?
Materials and methods

Study area
The study was conducted in the Kakum National Park, Ghana (5°25.00′ N-1°19′ W), located about 33 km north of Cape Coast, Central Region, Ghana. The total area of the national park is about 36,000 ha. The Kakum National Park is bordered by more than 50 communities which depended on it in the past. It is a unique national park of Ghana because it consists of different types of tropical forest ecosystems, namely rainforest, moist evergreen forest and seasonally dry semi-deciduous forest. The national park has undisturbed and disturbed forests (i.e. primary and secondary forests) which span across the three different types of tropical forests mentioned above. Two main types of plant associations, namely Lophira-Triplochiton and Celtis-Triplochiton associations, have been identified in the national park (cf. Pappoe et al. 2010) . The most species-rich plant families in the national park are Meliaceae, Sterculiaceae, Fabaceae, Moraceae and Annonaceae (Pappoe et al. 2010) . The Kakum National Park was first designated as a forest reserve in 1925 but was turned into a national park in 1992. Rainy season in the Kakum National Park occurs in two distinct periods of the year: (1) late March to July, and (2) September to November. The dry season in the national park begins from December and ends in early March. The average annual rainfall in the national park is around 1300 mm, and the relative humidity is about 90% (cf. Pappoe et al. 2010) .
The major form of human disturbance in the forest was logging which begun in the 1930s and became intensified in the 1950s (Eggert et al. 2003) . To conserve biological resources in the forest reserve, all logging activities were officially banned in the forest reserve in 1989, and the management of the reserve was transferred from the Forestry Department to the Game and Wildlife Department for a more effective protection of the reserve (Eggert et al. 2003) . Subsistence farming also occurred in the disturbed forest in the past (cf. Pappoe et al. 2010) . The above-mentioned human disturbances are mainly responsible for the creation of secondary forest in the national park.
Plot selection and sampling
The study was conducted in a disturbed forest (secondary forest) and an undisturbed forest (primary forest) in the national park from July to September 2012. The undisturbed forest is an intact old growth forest characterised by closed canopy. To ensure that the primary forest was truly undisturbed, areas with tree fall gaps were not included in the sampling. In each forest type, liana species were sampled from three different and independent sites. Sampling sites in the undisturbed forest were of comparable topography (slope and altitude) with those in the disturbed forests in the national park. The two forest types in the national park were separated by a distance of about 6 km, and the sampling sites in each forest type were separated by a minimum distance of 1.5 km. Five 40 × 40 m 2 plots were randomly demarcated in each site of a forest type, giving a total of 15 plots per forest type and 30 plots for the national park. A minimum distance of 200 m separated the plots in the sites. In each plot, trees of diameter at breast height (dbh) ≥10 cm were inspected for the presence and identification of lianas with diameter (at 1.3 m from the rooting base) ≥2 cm. Lianas were enumerated only when they were rooted in the plots. Furthermore, only lianas that were hosted by trees were enumerated. This was done so as to avoid the inclusion of shrubs as lianas. To avoid counting the same liana stem more than once, each liana stem was followed to the ground to make sure it was not attached to an already counted stem. Climbing mechanisms were determined for the enumerated liana species in the two forest types. Each plot was further divided into four 20 × 20 m 2 subplots, and one subplot was randomly selected for the determination of tree seedling and sapling abundance. Plants were classified as tree seedlings and saplings based on the classification of Saenz et al. (1999) : seedlings; height <1.5 m with no measured dbh, and sapling; height >1.5 m and <10 cm dbh.
The history of forest disturbance intensities is rarely available for a lot of tropical disturbed forests (Kapos & Iremonger 1998) . Nonetheless, using the proportion of number of trees that are of pioneer species to the total number of trees of all species, it is possible to quantify forest disturbance intensity (Gourlet-Fleury et al. 2013 ). This approach has been shown to reflect disturbance history at various scales in Ghanaian forests and also able to incorporate the effects of all types of disturbance throughout recent history (Bongers et al. 2009 ). Using this approach, the disturbance intensities of the plots in the disturbed forest was quantified as follows (Bongers et al. 2009; Gourlet-Fleury et al. 2013) :
The disturbed forest sites where plants were sampled have no history of natural disturbance. Areas with tree fall disturbance history were excluded from the sampling so as to avoid confounding effects of natural and human disturbances. Therefore, the above-mentioned intensity of disturbance reflects only human disturbance intensity.
Plant species were identified with the help of plant taxonomists, and with recourse to the following manuals and floras: Arbonnier (2004) , Hawthorne and Jongkind (2006) and Poorter et al. (2004) . Nomenclature followed the works of Jongkind (2005) and Hawthorne and Jongkind (2006) , and voucher specimens were deposited in the herbarium of the Department of Theoretical and Applied Biology, Kwame Nkrumah University of Science and Technology, Kumasi, Ghana.
Data analyses
Two measures of plant diversity, namely species richness and Shannon diversity index, were determined and used to represent liana diversity in the present study. Observed species richness was determined by counting the number of species in each forest type. The disturbed and undisturbed forests differed considerably in liana abundance, and therefore, a technique involving rarefaction was used to determine whether observed species richness difference between the forest types was real or abundance mediated.
To do this, we used a recently developed technique which integrates rarefaction with extrapolation to estimate species richness based on a standardised number of stems (Colwell et al. 2012; Hsieh et al. 2013; Chao et al. 2014) . Individual-based (abundance) liana data was employed for this analysis. Using 50 bootstrap replicates, confidence intervals of the estimates were constructed and used to assess significant difference in the estimated species richness between the disturbed and undisturbed forests. The rarefaction-extrapolation analysis was conducted using the software iNEXT (online version) (Hsieh et al. 2013) . To overcome possible under-detection of species in the forest types, a non-parametric species richness estimator, Chao1 estimator, was used to estimate liana species richness in each forest type. This species richness estimator was suitable for the data because in addition to being valid under all types of species abundance distributions the proportion of singletons for the data was below 50% for each forest type (Colwell 2013) . Significance of the difference in estimated liana species richness between the two forests was assessed by their confidence intervals. Chao1 estimation of liana species was conducted by the program SPADE version 2.0 (Chao & Shen 2003) which used the following equation (Chao & Shen 2003) :
where F 1 is the number of singleton species, F 2 is the number of doubleton species, S Chao1 is the estimated number of species and S ob is the total number of species observed in a sample. The PAST statistical software (version 2.17c; Hammer et al. 2001 ) was used to quantify Shannon diversity index for the disturbed and undisturbed forests. The software was also employed to determine significant difference in the Shannon diversity index between the two forest types by means of pairwise permutation tests. Shannon diversity index was also calculated for the plots in the disturbed forests and later used for correlation analysis. Shannon diversity index was calculated by the PAST program based on the following equation (Hammer et al. 2001) :
where p i is the proportion of the ith species, and ln p i is the natural log of p i .
Disturbance intensity ¼ Number of individuals of pioneer tree species Total number of individuals of all tree species
Liana species dominance was determined by computing their importance value index (IVI). The IVI of the species was calculated according to the equation of Cottam and Curtis (1956) :
where RD is the relative density, RF is the relative frequency and RBA is the relative basal area.
To determine the effects of human disturbance on liana diversity and community structure (abundance and basal area), two types of analyses were conducted. Firstly, t-test was used to compare liana abundance and basal area between the disturbed and undisturbed forests. Secondly, Pearson's correlation analysis was conducted between disturbance intensity and three liana attributes (i.e. Shannon diversity, abundance, basal area) of the plots in the disturbed forest. Tree seedling and sapling abundance was also compared between the two forest types using t-test. The relationship between tree seedling and sapling abundance, and liana abundance was determined by Pearson's correlation analysis in each forest type. All the data used for the above analysis complied with the assumptions of t-test (normality and homogeneity of variance) and Pearson's correlation analysis (normality, homogeneity of variance, linearity and absence of outliers). The above-mentioned analyses were conducted with GenStat software (11th edition) (VSN International Ltd, Hemel Hempstead, UK). Both analyses were conducted at 5% significance level.
Results
Liana diversity and community structure
A total of 125 liana species were identified in the study area, and they belonged to 52 genera and 24 families (Appendix). More liana species were observed in the disturbed forest (102 species) than the undisturbed forest (76 species). The rarefaction curves approached asymptote, indicating that lianas were well sampled in the forest types ( Figure 1 ). Species richness values of liana determined from rarefaction-extrapolation technique and Chao1 estimator were significantly higher in the disturbed forest (Table 1) . Shannon diversity index of lianas was significantly higher in the disturbed forest in relation to the undisturbed forest (Table 1 ; P = 0.001). There was a significant positive correlation between disturbance intensity and Shannon diversity index of lianas in the study area (Table 2 ; P = 0.0049).
There were eight climbing mechanisms used by liana species identified in the Kakum National Park (Table 3) . More liana species used stem twining to climb over their hosts than any other climbing mechanism in both the disturbed and undisturbed forests. All the climbing mechanisms were present in both forests except leaf tendril which was absent in the disturbed forest. The most abundant climbing mechanism in the two forests was stem twining. The disturbed forest harboured considerably more stem and branch twiners than the undisturbed forest.
A total of 1429 liana stems were enumerated in the two forest types in the Kakum National Park. Lianas in the disturbed forest (908 stems ≈ 378 stems/ha) were more abundant than lianas in the undisturbed forest (521 stems ≈ 217 stems/ha). Consequently, mean liana abundance per plot was significantly higher in the disturbed forest than the undisturbed forest (Table 1 ; P < 0.001). In the same way, mean liana basal area per plot in the disturbed forest was significantly higher than that in the undisturbed forest (Table 1 ; P < 0.001). Both attributes of liana community structure correlated significantly and positively with disturbance intensity of the disturbed forest (Table 2 ; P = 0.0016 and 0.0098 for abundance and basal area, respectively). The following species were the most abundant among lianas in the undisturbed forest: Griffonia simplicifolia, Combretum cuspidatum, Calycobolus africanus, Piper guineense, Neuropeltis sp. and Dalbergiella welwitschii (Appendix). These species accounted for 31% of liana stems in the undisturbed forest. The most abundant species among lianas in the disturbed forest were G. simplicifolia, Millettia chrysophylla, D. welwitschii, C. africanus, Leptoderris micrantha and Strophanthus sarmentosus; they collectively formed 30% of liana stems in the disturbed forest. Certain liana species showed high dominance in the disturbed and undisturbed forests, whereas the dominance of others was restricted to either the undisturbed or disturbed forest (Appendix). Three species, namely G. simplicifolia, C. africanus and D. welwitschii, showed high IVI in the undisturbed (IVI = 18.23, 13.27 and 11.65, respectively) and disturbed forests (IVI = 21.65, 13.04 and 11.29, respectively). C. cuspidatum (IVI = 19.38), Neuropeltis sp. (IVI = 11.72), Strychnos usambarensis (IVI = 11.37), P. guineense (IVI = 10.38) and Acacia pentagona (IVI = 10.05) recorded high dominance only in the undisturbed forest. On the other hand, M. chrysophylla (IVI = 14.29) and L. micrantha (IVI = 12.44) had high dominance only in the disturbed forest.
Overall, Fabaceae, Apocynaceae and Celastraceae were the most abundant families in the two forests (Figures 2 and 3 ). In addition, Convolvulaceae contributed much to liana abundance in the undisturbed forest.
Tree seedling and sapling abundance
Tree seedlings and saplings were significantly higher in the undisturbed forest compared to the disturbed forest (Table 1 ; P < 0.001). There were significant negative correlations between liana abundance and abundance of seedlings (R = −0.55; P = 0.038) and saplings (R = −0.54; P = 0.041) in the disturbed forest but not in the undisturbed forest (seedlings: R = −0.17; P = 0.541 and saplings: R = −0.21; P = 0.446).
Discussion
The current study revealed that the disturbed forest harboured significantly higher liana diversity, abundance and basal area than the undisturbed forest. Furthermore, the above-mentioned attributes of liana diversity and community structure related positively and significantly with human disturbance intensity. These patterns suggest that human disturbance most likely influenced liana diversity and community structure in the disturbed forest. This finding is supported by earlier studies which reported that disturbed forests harbour higher liana diversity and abundance (see Schnitzer & Bongers 2011) . Generally, disturbed forests provide more favourable conditions (e.g. gaps, elevated sunlight, elevated CO 2 in leaves) for lianas that enable them to increase in diversity and community structure compared to undisturbed forests (Gerwing & Farias 2000; Laurance et al. 2001) . The above-mentioned pattern in liana diversity and community structure in relation to human disturbance is however at variance with the trend reported by Chittibabu and Parthasarathy (2001) Possibly, these species have the ability to thrive in both disturbed and undisturbed forests. In fact, G. simplicifolia has been reported as a dominant liana species in both disturbed and undisturbed forests in Ghana (Addo-Fordjour, Rahmad, et al. 2013) . Family contribution to liana abundance was more or less similar in the disturbed and undisturbed forests. Fabaceae, Apocynaceae and Celastraceae were the most abundant families in both forests. This result corroborates previous studies which indicated that Fabaceae and Apocynaceae were most abundant families among liana communities in both disturbed and undisturbed forests in Ghana (Addo-Fordjour, Anning, et al. 2009; Addo-Fordjour, Obeng, et al. 2009 ).
Generally, stem twining was the most preferred climbing mechanism used by liana species in the two forest types. Moreover, stem twiners constituted the most abundant group of climbers in the two forests. These findings are in keeping with previous studies which reported stem twining as the most predominant climbing mechanism (in terms of species richness and abundance) among liana communities in the tropics (Dewalt et al. 2000; Laurance et al. 2001; Parthasarathy et al. 2004; Addo-Fordjour et al. 2008) . Both stem and branch twiners were more abundant in the disturbed forest than the undisturbed forest. The biomechanics of climbing require that twiners are limited to the use of supports with maximum diameter of 30 cm (Pinard & Putz 1994) . Trees within this diameter cut-off point were more predominant in the disturbed forest than the undisturbed forest. This could have partly accounted for the presence of more twiners in the disturbed forest.
Implications for conservation
Lianas formed thickets in many parts of the disturbed forest which made trees regeneration in those areas difficult (i.e. tree seedlings and saplings were completely absent in those areas). Additionally, liana abundance correlated inversely with seedling and sapling abundance in the disturbed forest. These results are consistent with a previous study which demonstrated that tree regeneration was scanty in heavily liana-infested forests compared to low liana-infested forests where tree regeneration was high (Grauel & Putz 2004) . Thus, the findings of the current study suggest that high liana abundance in the disturbed forest might have affected natural regeneration of trees. This phenomenon probably contributed to lower seedling and sapling abundance in the disturbed forest.
Overall, the findings of the current study imply that human disturbance can be an important factor that contributes to liana proliferation in disturbed forests. Increased liana abundance in disturbed forests may be capable of hampering tree natural regeneration, especially in areas where lianas form thickets. This implies that excessive liana proliferation in disturbed forests, following human disturbance, can impede forest recovery process. In this regard, heavy liana proliferation in disturbed forests may have to be controlled in order for disturbed forests to recover successfully. Lianas play many important roles in the functioning of tropical forest ecosystems, but when they show high abundance and infestation, they can have adverse effects on trees (Vidal et al. 1997; Pérez-Salicrup & Barker 2000; Schnitzer et al. 2000; Pérez-salicrup 2001; Ingwell et al. 2010; Putz 2012) . For this reason, liana management involving liana cutting has been practised in some tropical forests to reduce liana abundance and infestation (Parren 2003; cf. Alvira et al. 2004 ). Cutting of lianas from tropical forests as a silvicultural treatment, usually frees trees, enabling them to produce fruits and seeds more effectively, minimises liana-tree competition, and reduces the number of seed predators of trees, all of which contribute to enhance tree natural regeneration. Liana cutting also enhances tree growth as well as the growth of seedlings and saplings (Pérez-salicrup 2001; Grauel & Putz 2004) .
To this end, liana control is recommended for the highly liana-infested parts of the Kakum National Park. Reducing liana numbers through cutting may help improve tree regeneration especially in the liana thickets in view of the fact that similar exercises yielded positive results in other tropical forests (Pérez-salicrup 2001; Grauel & Putz 2004) . The Kakum National Park is a protected area where no human activities including silvicultural activities are permitted. Considering the high abundance of lianas, and low abundance of tree seedlings and saplings in the disturbed forest, management intervention is imperative so as to reduce liana numbers and their possible impacts in the forest. Protection of forest ecosystems should not exclude silvicultural activities which may be necessary to maintain biodiversity. In Ghana, protected forests are manned by the Wildlife Division of the Forestry Commission of Ghana which does not incorporate silvicultural interventions in their activities. On the other hand, conserved forests are manned by the Forest Services Division of the Forestry Commission of Ghana which from time to time employs silvicultural activities to manage forest resources. Since the two management bodies fall under the same bigger institution (Forestry Commission of Ghana), it should be possible for the two bodies to team up and incorporate silvicultural activities into protected areas when it becomes necessary. That is, protection of forest ecosystem should not preclude management interventions which may be necessary to maintain biodiversity.
Conclusion
Liana diversity and community structure remained significantly higher in the disturbed forest compared to the undisturbed forest. Furthermore, liana species diversity (Shannon diversity index), abundance and basal area related significantly with human disturbance intensity in the disturbed forest. The dominance of some liana species appears to have responded differently to human disturbance. Liana abundance correlated negatively and significantly with tree seedling and sapling abundance in the disturbed forest, suggesting that lianas probably affected tree regeneration. Additionally, tree natural regeneration was absent from areas of the disturbed forests where lianas formed thickets. The findings of this study suggest that liana diversity and community structure in disturbed forests can increase to levels that may possibly affect tree natural regeneration. In such a situation, there may be the need for liana management to be applied.
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